Background: Paraquat is a non-selective contact herbicide, widely used to control weeds in
INTRODUCTION
A major concern with any agrochemical compound such as herbicides is its potential to leach from the soil into surface or groundwater ecosystems that are used as drinking water sources. Paraquat (1, 1'-dimethyl, 4, 4'-bipyridinium dichloride) is used to control weeds in agriculture farms and aquatic ecosystems. Therefore, application of paraquat in water ecosystems may have negative impacts on the health of aquatic organisms [1] [2] [3] [4] .
Paraquat residues in surface water may be absorbed through the gills, skin and digestive system [1] . Absorbed paraquat is distributed via the blood to all organs and tissues of the fish. Due to the lipophilic property of this herbicide, it accumulates mainly in fatty tissues. Although the toxicity of paraquat for fish is low, exposure to high doses or prolonged contact with low concentrations of paraquat may also cause a severe toxicity to vital organs, primarily the liver, gills and kidney [1] [2] [3] [4] . Toxicological properties of paraquat are attributed to its ability to produce reactive oxygen species such as superoxide anion that may directly or indirectly cause cell death [2, 5] . Damage to cells or cell death may lead to changes in blood biochemical parameters [6] . Therefore, the main hypothesis for this study was that exposure to sub-lethal concentrations of paraquat has significant effects on common carp, Cyprinus carpio.
The study of blood biochemical parameters could be a useful tool to diagnose toxic effects in target organs to determine the physiological status of fish exposed to herbicides [7] .
The aim of this study was to identify changes in the blood biochemical parameters of common carp (C. carpio) exposed to sub-lethal concentrations of commercial formulations of paraquat.
2
Vol 10, No 6, November-December 2016; http://www.ijt.ir
MATERIALS AND METHODS

Chemical Materials
Paraquat (Gramoxone), 20%, was obtained as a commercial preparation (Jiangsu Hai Bang Pharmaceutical Co., China, imported by Iran). All biochemical kits were purchased from Pars Azmun Co, Iran.
Experimental Animals
Healthy common carp (C. carpio) with the mean weight of 45 ± 5 g (mean ± SD) were used according to the National Ethical Framework for Animal Research in Iran [8] . The fish were purchased from a local fish farm and acclimated to laboratory conditions for 2 weeks before the experiments. Fish were randomly divided into 9 plastic tanks (80 liter) supplied with oxygenated water maintaining constant dissolved oxygen at 6.5 ± 0.5 mg/L, temperature at 24 ± 2 °C, pH at 7.4 ± 0.2, and natural photoperiod. During the acclimation and all experimental tests, fish were fed commercial carp pellets (Beyza Fedd Mill Co. Iran) at the manufacturer's recommended rate.
Sub-Lethal Toxicity Experiments
One hundred eight common carp were randomly distributed in nine 80-L tanks (3 treatments with three replicates) and the experiment was run for 21 day sub-lethal toxicity tests. Every tank had 12 fish exposed to solutions with the following concentrations of paraquat: 0.0 (control), 0.2 mg and 0.4 mg per liter. Sub-lethal concentrations were selected according to the lethal concentration of paraquat required to kill 50% of the common carp [9] . Tanks were cleaned by siphoning and 40% of the water was exchanged daily to reduce the build-up of metabolic wastes and the herbicide was again added to maintain paraquat concentrations constant (equivalent to 0.2 and 0.4 mg per liter).
Sampling and Analysis of Blood Biochemical Parameters
The fish were starved for 24 h before sampling. After the 21-day exposure period, 12 fish from each treatment (4 fish from each tank) were taken out for sub-lethal toxicity studies. Each group of fish was harvested using a scoop net and placed into an anesthetic solution (200 mg.L -1 clove powder). Blood sample was collected from the caudal vein using heparinized syringes, centrifuged at 6000 × g for 10 min and stored at -25 °C.
All blood biochemical parameters were determined using a UV-visible spectrophotometer (UNICO 2100) and standard biochemical reagents (Pars Azmun Company, Tehran, Iran). Each blood biochemical parameter was measured by a certain method. Total plasma protein was measured at 540 nm by the Biuret reaction. Albumin determination was based on the dye-binding properties of plasma albumin with bromocresol green. An increase in the blue-green color was measured at 630 nm. The plasma globulin was based on the ratio of albumin to total protein [10] . Plasma glucose was measured by the glucoseoxidase method at 500 nm [11] . Plasma cholesterol levels were determined by the CHOD-PAP method at 510 nm, triglyceride levels by GPO-PAP method at 546 nm [12] and creatinine by the JAFFE method and at 510 nm [13] . The activity of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) in plasma was determined by NADPH consumption and its conversion to NAD + at 340 nm. Gamma-glutamyl transferase (GGT) activity is determined by a -glutamyl group from the substrate L--Glutamyl p-nitroanilide, liberating the chromogen, pnitroanilide, at 418 nm proportional to the GGT present. Lactate dehydrogenase (LDH) in plasma was determined based on the conversion of pyruvate to lactate at 340 nm, alkaline phosphatase (ALP) based on converting nitro phenol phosphate into nitrophenol and phosphate at 405 nm, creatinine phosphokinase (CPK) based on the conversion of creatinine phosphate into creatinine at 340 nm and based on optical density (OD) absorption and the formula presented in the kits' manual [14] .
Statistical Analysis
A significant difference in biochemical characteristics of fish exposed to different concentrations of paraquat was examined using one-way ANOVA. Data were examined for normality (Kolmogorov-Smirnov test). The significant means were compared by Duncan's test and a P < 0.05 was considered statistically significant. Statistical analyses were performed using SPSS 19 (IBM) software (Chicago, IL, USA). Data were presented as mean ± SD.
RESULTS
No mortality was observed during the experiment. Alterations in the blood biochemical parameters are presented in table 1. with the control, a significantly increase was observed in AST activity in the plasma of fish exposed to 0.4 mg.L -1 paraquat on day 21. Paraquat caused a significant increase in the plasma ALT and LDH activities.
Although a significant increase was found in ALP activity in blood of common carp exposed to 0.2mg.L -1 paraquat, the fish exposed to 0.4 mg.L -1
paraquat exhibited a significant decrease in ALP activity. CPK activity showed an overall increase in experimental groups of fish. A significant decrease in GGT activity was observed in fish exposed to sub-lethal concentrations of paraquat. Glucose levels significantly increased on day 21 in the plasma of the fish which were exposed to paraquat. Fish exposed to sub-lethal concentrations of paraquat showed a significant decrease in total protein, albumin and globulin levels. Cholesterol and triglyceride levels in blood of fish exposed to both concentrations of paraquat for 21 days significantly decreased as compared with their levels in plasma of the control group. Our results also showed a significant increase in plasma creatinine levels in fish exposed to both concentrations of paraquat at the end of the period when compared with the control group.
DISCUSSION
The main objective of this study was to investigate the effects of sub-lethal concentrations of paraquat on the blood biochemical parameters of common carp to determine the risks associated with the application of, and the subsequent leaching of this herbicide from agricultural farms into surface waters. AST, ALT, LDH, ALP, GGT and CPK are found in almost all cells of the body tissues, such as heart, kidneys, liver, skeletal muscles, brain, erythrocyte, intestine and gills. The release of intercellular enzymes into the blood and their increased activity in plasma are the most important clinical signs in the diagnosis of damage to cell membranes [15] .
Our results indicated a significant increase in AST activity in the fish exposed to high concentration of paraquat may be due to the cellular toxicity. Paraquat or its metabolites might be indirectly caused oxidative stress and damage the liver cells [2] . In the present study, increased ALT activity was observed in plasma of fish exposed to paraquat, which might be due to increased cell membrane permeability or cell membrane damage of hepatocytes. However, decreased activity of GGT and ALP (at high concentration levels of paraquat) occurs either via direct action of paraquat on the activity of these enzymes or inhibition of their biosynthesis [16] . Moreover, a lower than normal GGT and ALP activity may occur as a result of reduced synthesis and severe tissue damage [17] . A decreased ALP activity may be due to malnutrition with low protein assimilation. Ablood cell hemolysis and an increase in blood magnesium ion can inhibit ALP activity [18] . The increased LDH activity caused by paraquat could be explained by changes in the cellular metabolism process during the treatment. Paraquat significantly increased LDH activity in the plasma of common carp, which indicated a serious liver damage. S Increased lipid peroxidation and reduced cellular total antioxidant capacity are the most important factors in increasing the fragility of the cell membrane in fish exposed to paraquat [2] .
CPK has been found in high concentrations in cellular cytoplasm of cardiac and skeletal muscles of fish [19] . The increased activity of CPK may be indicative of a disorder in muscle fibres. A similar result was found in common carp exposed to diazinon [15] , chlorpyrifos [20] , malthion [21] , and fenpropathrin [22] .
An increase in blood glucose of fish exposed to paraquat may reflect an increased need for energy to counteract the effects of stress caused by paraquat toxicity. Hyperglycemia or elevated blood glucose levels indicate impaired glucose and lipid metabolism and degradation of glycogen in liver [23] . There is strong evidence that exposure to paraquat causes decreased G6PDH activity, degradation of glycogen in liver and muscle tissues and increases blood glucose levels [2] . When exposed to pesticides, Heteropneustes fossilis [24] , C. carpio [25] , and O. mykiss [15] experienced an increase in blood glucose levels.
Total protein is an important constituent of cells and tissues as it plays a vital role in the physiology of living organisms. There was a decrease in total protein indicating increased mobilization of protein reserves to adapt to stress conditions. Malnutrition, reduced efficiency of the liver in protein synthesis, and reduction of nutrient absorption, especially protein, in the digestive system may be important factors in decreasing plasma total protein. Albumin is the most abundant multifunctional single chain protein in blood plasma. Furthermore, total protein may be reduced due to severe liver and kidney damage. Decreased plasma globulins and albumin levels may be associated with decreases in total protein levels in plasma. Reduced albumin and globulin levels may be due to the effect of paraquat on the biosynthesis of albumin in liver, liver dysfunction, nephritic syndrome and malnutrition [7, 26] . Decreased globulin levels may reduce the resistance of fish to pathogens. Continuous exposure to sub-lethal concentrations of diazinon resulted in significantly decreased levels of total protein, albumin and globulin in rainbow trout [15] and common carp [25] in 30 days.
Results of this investigation of sub-lethal paraquat poisoning in common carp suggest that lipid metabolism is impaired. Decreased cholesterol and triglyceride levels in the blood of fish exposed to paraquat may be attributed to the influence of this herbicide on the synthesis of cholesterol and triglycerides in liver or reduction in the uptake of lipids and fatty acids via intestine. Consumption of cholesterol and triglycerides to provide energy to the cells in order to counter the effects of paraquat poisoning and malnutrition may decrease levels of blood cholesterol and triglycerides.
Any increase in plasma creatinine levels is a biomarker of kidney dysfunction, because creatinine is normally removed from the blood and then excreted from the body [7] . Creatinine levels in plasma reflected the toxicity in the kidney of fish exposed to sub-lethal concentrations of paraquat for 21 days.
CONCLUSION
This study supports the study's hypothesis because sub-lethal concentrations of paraquat had significant effects on the blood biochemical parameters of common carp. Continuous exposure of common carp to sub-lethal concentrations of paraquat leads to blood biochemical alterations and homeostasis disruption.
